1
H NMR spectra, chemical shifts (/ppm) are referenced to internal reference (CH 3 ) 4 Si (0.00 ppm in CDCl 3 ), or to the residual solvent peak (2.50 ppm in DMSO-d 6 ). In 13 C NMR spectra, chemical shifts (/ppm) are referenced to the carbon signal of the deuterated solvents (77.2 ppm in CDCl 3, 39.5 ppm in DMSO-d 6 ). High resolution mass spectrometry (HRMS) was performed on a Micromass GCT Mass Spectrometer at the Chemistry Centre of Lund University, Sweden. Melting points were determined with a Mettler FP82 hot-stage microscope (uncorrected). Thin-layer chromatography was performed on silica gel plates (Merck kieselgel 60, F 254 ) to monitor the reactions. Spots were made visible with UV light. Column chromatography was performed with silica gel (Grace, Matrex LC 60 Å/35-70 μm). All chemicals and solvents were purchased from commercial vendors and used as received, unless stated otherwise. Dry tetrahydrofuran (THF) were distilled over Na/benzophenone.
Scheme S1. Compounds used in the present study.
The synthesis of 1-(3-trimethylammoniopropyl)-3,3-dimethyl-6-nitrospiro[(2H)-1-benzopyran-2,2-indoline] bromide (1), 1 
N,N-dimethyl-N-[3-[3′,3′-dimethyl-6-nitrospiro[(2H)-1-benzopyran-2,2′-indoline]-

1′-yl]propyl]amine
hydrobromide (2) , 2 
N,N-dimethyl-N'-[5-[3′,3′-dimethyl-6-nitrospiro[(2H)-1-
benzopyran-2,2′-indoline]-1′-yl]pentyl]amine hydrobromide (4),
1′-(3′′-Trimethylammoniopropyl)-3′,3′-dimethyl-6-formylspiro[(2H)-1-benzopyran-2,2′-indoline] bromide (5)
Trimethylamine-EtOH solution (10 ml, 35% Me 3 N in EtOH) was added to a flask containing 1′-(3′′- 
Determination of isomerization yields
For determination of isomerization quantum yields for the spiropyran closing reaction (MC  SP), the
isopropylidenesuccinic anhydride (FG c  FG o ) was employed as an actinometric reference reaction. [6] [7] [8] [9] The preparation procedure for the spiropyrans (in mQ water) and FG (in toluene) was identical except the solvent used. The samples were prepared in a 1 cm quartz cuvette (V = 2.5 mL). Prior to the photoinduced decolorization reaction, the compounds were isomerized to the colored forms and the absorbance at the irradiation wavelength was adjusted to 0.05. The light source used was a 500 W Xe lamp equipped with a hot mirror (A = 1.8 at 900 nm) to reduce IR intensity and an interference filter with λ max (transmission) = 503 nm. This setup produced a power density of ca. 30 mW/cm 2 at the sample.
The decolorization reactions were performed at room temperature with constant stirring of the solutions.
The decrease in absorption of the colored forms was monitored and fitted to a first order exponential decay function. Comparison of the rate constant, k, for the spiropyrans to that of FG allowed for the calculation of the isomerization quantum yield, Ф MC→SP , as
where T int is the transmittance of the interference filter, ε ref and ε sample are the molar absorption coefficients of FG and sample, respectively. Ф → (λ) was adopted from the literature. 8 For the corresponding quantum yields of the colorization reaction (SP  MC), the following equation for photostationary distribution (PSD) was used:
Here, Ф MC→SP is assumed to be wavelength independent. Ф SP→MC was determined using λ irr = 254 nm.
Laplace transformation analysis of the thermal equilibrium establishment and hydrolysis kinetics of 1 at pH 5 -pH 10.
Based on the scheme shown above, the following set of coupled differential equations can be derived.
These equations can be solved analytically by application of a Laplace transformation analysis, 10 yielding expressions for the concentrations of the relevant species according to below. Note that the condensation reaction (k -h ) was found to follow first order kinetics and, hence, the rate determining step must be a unimolecular transformation rather that a bimolecular process. (green, recorded at 515 nm, MC). The corresponding normalized traces derived from a simulation using the kinetic model in Scheme 2 and the rate constants at pH 6 are also shown (black). Note that k h and k -h were slightly adjusted from the values determined at pH 6 to improve the goodness of fit. 
THEORETICAL CALCULATIONS
In recent years, several theoretical investigations have focused on various spectral properties of the SP ⇄ MC conversion mechanism of spiropyrans and related derivatives. Table S2 and show that the TTC conformer displayed in Scheme 3 in the main text is the most stable in water, which is in accordance with previous theoretical investigations. 18 Therefore, we concluded that the TTC conformer is the major initial reactant and excluded other conformers of MC from further analysis. The initial TTC conformer was optimized with four alternative water positions close to C A . Out of these two waters converged far away from C A , and became coordinated to the NO 2 group. Out of the two remaining optimized structures the lowest energy conformer, in which the water molecule was also 0.53Å closer to C A , was selected to be the reactant state shown in Figure 7 (MC) in the main text. 
